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! MA‘NIPUI.ATING THE MUMBER AND TYPE OF ADAPTIVE VARIABLES IN TRAINING
Doniel Gopher, Beverly H, Williges, Robert C. Williges, and Diane L. Damos

University of Illinois ot Urbana~Champaign

To fnvestigate the affectivencee of various typea and nwnbers of adaptive variables, 4§ gubjects
performed a two-dimensional pureuit trucking task jor five thrce-minute training aesgions. In
the factoricl design resulting in eight expcriméntal conditions, three variables (frequency of
the foreing function, ratio of acceleration to rate control, and the amount of gain in the con-
trol gtiok) were elther fixed cr adaptive. 4 iranafer and retention task iw which the tracking
sttuation changed perfodically was used to evaluate the ability of subfectr to adjust to change.

Each adaptive variable in training was analyswd separately. With gain more adaption occurved
when gatn was associated with another adaptive variable. In frequemcy the highest rate of adap-
tiom occurred with frequency alone. In acceleration the rate of adaption was greater early in
training when frequency also adapted. During transfer gubjecte trained adapiively generally
showed more stable performance in the changing task situation. No reliable differences among
conditions appeared in retention. FRegulte are discussed inm terms of stimulus and response
aimilarity, the optirmum number of adaptive variables, und the appropriatenese of a changing

task to evaluate adaptive training.

INTRODUCTION

Interest in the use of automatically adaptive techniques
is on the increase primarily because such techniques might
provide on optimum learning model to teach psycho-motor
skills. Adaptive training is o closed-loop system in which
some aspect of student performance (system output) is
measured and used to set the level of the training problem
(system input), Generally a computer algorithm determines
the precise relationship between the adaptive varicble and
the performance measurement. (See Kelley, 196%9a, for a
complete discussion of adaptive and fixed troining methods.)

Conceivably any aspect of the system that affects out=
put behavior might be selected as the adoptive variable,
However, the results of o recent study by Crooks (1973) imply
thot the use of certoin adaptive variables may establish an
interference parodigm. Crooks used the velocity/accelera-
tion ratio of the control dynamics as the adaptive variable
in o two=dimensional, compensatory tracking task. Three
of the four adaptive training groups required more time to
attain the learning criterion than did o fined-difficulty group.
These results are in sharp contrast to an earlier study by Lowes,
ElHs, Nomman, and Matheny (1968) in which turbulence wos
used as the odaptive variable and odaptive training wos
clearly superior, Crooks (1973) reasoned that, becouse large,
slow control movements were optimum when the percentage
of acceleration was small whereas small quick control move-
ments were best when a lurger amount of acceleration control
wos present, his adaptive troining groups had been required
to moke different responses to similar or identical stimuli os
training progressed,

According to Osgood's transfer surface (1953) the
pairing of dissimilor responses to similar stimull interfeies
with learning and results in negotive tronsfer. The Crooks
(1973) data agree with this generalizotion. On the other
hand, Osgood olso suggested that changing the stimulus and
requiring a similar resporse does not result in negative trans=
for. The present study was designed to use adaptive voriables
that primarily are either stimulus or response variables to
determine if the degree of original learning ond transfer in
adaptive tmining is compatible with the pradictions of
Onxgood's transter surface. In oddition, the velocity/
oeceleration ratio of the control dynamics was also used as
on adoptive varioble to replicate the Crooks (1973) study
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and compare these results to those obtained by adapting
specific stimulus and response variables,

To date, research comparing adaptive training to
fixed~variables troining hos viewed these two types of
training os completely seporate entities. A task was con-
sidered to be fixed if all its parameters were predetermined
and fixed throughout the axperiment or was considered to
be adaptive if one of the variables was manipuloted
adoptively. This opproach ignores the fact that for almost
any given task a number of varicbles may be selected to
adapt or to be defined and maintained ot o fixed level.

An alternative approach is to regard fixed and adaptive
training as end points of a continum. The various points
along this continum are defined by the number of variables
adapted simultaneously. Such an approach enables the
comparison of fixed=variables tasks with adaptive tasks

that lie at different points along the fixed/adoptive continum.
It olso permits the comparison of di fferent adoptive situations
among themselves,

Another research issue in this study involves deter-
mining o relevant task to validate original learning in
odaoptive training situations, The evaluation of adaptive
training using transfer tasks typically has involved a fixed-
level criterion tatk (Crooks, 1973; Lowes, Ellls, Norman,
ond Mathany, 1988; Norman, Lowes, and Matheny, 1972;
Wood, 1969), Although such a validotion Is Important and
useful, it may fail to reflect an important choracteristic of
adoptive techniques, nomely thaot adoptive training involves
a changing task situation such as the differsnt control orders
a pllot uses in changing from nomal flight to slow flight.

It is possible that this unique characteristic facllitates the
future adjustmant of subjects to changing task situations.
A task that requires subjects to perform under varying
conditions may constitute a very important ond meaningful
validation situation for the effects of odaptive tralining.

in view of these questions the present study employed
three types of adaptive variables representing different
stimulus and response charocteristics in o two-dimensional
punsult tracking task, These variobles were tha frequency
of the forcing function, the control stick sensitivity, ond
the order of system control (percent of second-order
integrotions), Forcing function frequency represented
monipulation of the stimulus aspects of the tracking display,
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whareos control stick sensitivity and control nrder roprisented
diffacunt manipvlations of the respanse aspects of the tracking
task

Each of these ‘ariables was sither mointained it a
constant levei or allowed to adapt during training. The
resulting between=subjects factorial combination of these
three variables yielded eight treatment conditions consisting
of o control condition with no aduptive variables, three
conditions in which only one variable adapted, three con-
diti>ns in which two variobles adopted, and one condition
in which all three adapted. Performance wos evaluated in
original leeming, transfer, and retention, in both transfer
ond retention, the subjects were require:: to perform a
tracking tosk which periodically charged in terms of task
demonds. In summary, the present study was designed to
investigate the implications of adapting stimulus ond response
variables, the effect of varying the numb: - of adaptive
variables, and the usefulness of adaptive techniques in
training for transfer to ci.. nging task conditioms.

METHOD
Sub[ocfs

A total of 48 subjects, 36 males and 12 females, porti~
cipated in the present experiment. Subjects were university
students enrolled in a summer flight troining coursa ot the
Institute of Aviation or were participoting in an experimental
flight training progrom at the Aviotion Research Laboratory.
Six subjects were randomly assigned to each of the eight
experimental conditions.

&EN'US

The basic experimental equipment included 0 3 x 4 in.-
Hswlett-Packard Model 1300 CRT display and o spring~
centered dual=axis hand control, A Roythe>n 704 16=bit
digital computer with 24K memory was used both to generate
irputs for the CRY through a symbol generator and to process
signals from the subjects through on onolog to digital con-
verter,

ExErimantol Tosk

Subjects performed a two-dimensional pursuit tracking
task, The horizontal and veriicu! axes were manipuloted!
independently, and two independent, random, band-limited,
forcing functions were generated for changing the position of
the forcing function symbol on the CRT display. An "X"
symbol wos used to signify the forcing function, while an
"Q" symbo! represented the stick output. The effective
screen size for the movement of these symbols was 7.6 x
7.6 cm., and the symbols were contained within o .55 x
+40 cm. squore. A 60msec, cycle was usad for the execution
of the experimental progrom and the refreshment of the
display .

Experimental Design and Adoptive Logic

A three~factor, between=subjects design was used in
which each independent varicble either remained fixed during
training or adopted. The first varioble was the forcing
function frequercy (Hz) which wos manipulated by increasing
the upper cutoff frequency of the limited=band, low=poss
filters. The second variable was the gain output of the control
stick which was ncreosed relative to the affective size of the

3
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displuy . & diveni tronsformation of this value to Hz may
he obicined rtiaugh the equation,

.52G = Hz m

wheis G is the specific scale goin value, The third
variable was the second-order term of the control output
which was chunged through the equation,

- K K
90—('-Q)-s-+032 (2)

where 8_ equals the order of the control - sstem, K is a
gain constont, S is the Loplace transform, and @ is the
percent acceleration, The usefulness of this adaptive

varioble has been demonstrated previously (Crooks and
Roscoe, 1973; Gopher ~nd North, 1974),

An almost continuous, «nall-step adaptive logic was
used to manipulate the independent variables during the
training sessions, Tracking error was computed within the
60 msec. cycle, and the variables levels were chonged in a
.0005 step size, The tolerance limit for tracking error on
both axes was .10 of scale obsolute error. The two axes
were measured and adapted independently using the some
adaptive logic.

Procedure

Training. The inclusion of eight different experimen-
tal combinations and the independent manipulations of the
two axes in the training sessions did not enable the use of the
popular time=-to-exit criterion measure as the dependent
variable for the evaluation of training effectiveness. To
define a reasonable exit criterion would have required o fuli-
scale experiment to expiore the various interactions between
variables and axes, Instead all groups received a fixed period
of training, and the levels of the adaptive variables were
used as the dependent measure .

To determine the fixed values for nonadaptive variables
in the different training conditions, a preliminary study was
conducted. This study included a group of five flight-naive
subjects representative of the experimental population and
a group of five experienced pilots. Both groups performed
the task with all three variobles adapting for four sessions of
five minutes each. The results indicated o clear superiority
of the experienced pilots over the flight-naive subjects with
very little overlop between the two distributions. In view of
these results, the average levels of the naive group on the
fourth trial were used as the fixed values for the three inde-
pendent variobles in the various training conditions, The
fixed values for the three variables were:

Horizontal Axis Vertical Axis

Acceleration . 350 .240
Frequency .370 .260
Gain .750 640

The initici values for the three variables in the adoptive
conditions were 0.0 for percent acceleration, .020 Hz for
frequency, ond .40 for gain. One reason for the selection of
a higher value for the gain varicble was to endable effective
tracking when the forcing function was fixed, Another con-
sideration was the U-shaped relationship between gain and
difficulty for o specific value of frequency. The U shope is
created because difficulty is decreased from the point of
undersensitivity to the point of optimal sensitivity and
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increased agcin towards the oversensitivity side of the
function,

All subjects were trained for five periods of three
mi~utes eoch with threz=minute breoks between periods.
tach period wa staried at the fina! level of the previous
pericd ond was taminated automoticoliy by the computer.

A 30-minuts areck szparated the training from the transfer
sessions, During this break subjects received a short
questicnnaire in which they were asked to rate the difficulty
of the tracking task and to evaluate their performance.

Transfur. The experimental setup for the transfer te:sk
was identical to that of the original training. However,
the task structure was changed. The task involved eight
minutes of continuous tracking, comprised of four two=
minute sections. Although the levels of the three inde-~
pendent variables were fixed within sections, they varied
among sessions., The specific combinations for each of the
fou: sections represented the average last session values of
the three variobles, obtained by the two best naive subjects
and tne two poorest experienced pilots in the preliminary
experiment, Thess values represent, on the average, an
increase in difficuity from the troining to the tronsfer
situation, The four sections were rondorily combined bui
presented in the same order to all subjects, No warning
or prior instructions wure given as to the change of values
in the different sections,

Retention. Except for the reshuffling of the order of
the four sections, the retention task was equivaient t the
transfer task, Subjects performed the retention task
approximately one week after the transfer session, clthough
due to scheduling difficulties o few subjects did nor complete
the retention task until three weeks ofter transfer,

RESULTS

Trai ning

A direct comparison of the eight experimental condi-
tions in training was not possible because they differed in the
specific dependent measures employed, For the fixed=
variables condition root mean square (RMS) tracking error
was obtained. For the three experimental conditions in-
volving ot leust one adaptive variable, performance was
evaluated in terms of the changing level of each of the
variables adapting, As o result seporate analyses were
conducted for the fixed-variobles conditions and for each
of the three adoptive variables, Within each of these
analyses performance was evoluated separately for the
horizontal axis, the vertical axis, and a combined score
on the two axes,

Fixed=variables training. Figure ! presents the learning
curves of the fixed-variables group for each axis, The
figure indicctes an ordered ond reliable decreose of RMS
error on both axes as a result of training, F(4, 20) = 16.37,
p < .001. No relicble differences were found between RMS
errors on the two axes, despite the seemingly higher average
tracking error on the vertical axis in the first session
{p > .05). The similarity of the tracking error scores on the
two axes is very important in view of the much lower volues
of the experimental variobles on the verticol oxis, These
volues were suggested by the preliminory study which de-
monstrated a clear superiority of tracking performonce on
the horizontal as compared with the vertical axis, The

different fixed values were selected in an effort to equalize
the two axes in terms of difficulty. The tracking performonce
of the fixed-variables group indicates the success of this
effort,
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Figure 1, Averoge RMS tracking error (percentage of
scale) in the horizontal and vertical axes
for the fixed—variables conditior. during each
trial of the training session.

Adaptive trairing, Figure 2 presents the average
level of the three adapfive varicbles during each of the five
training sessions, The figure presents the results separately
for each axis using the four uniquc experimental combinations
of each adaptive varicble, These between-subjects analyses
were considerably limitcd in terms of sensitivity by the small
number of subjects in each condition and the large inter-
subject voriability in tracking ability. Nevertheless, o
number of differences proved to be statistically reliable.

As shown in Figure 2, all the experimental combinations
produced the expected increment in the values of the
adaptive variables during the training sessions. However,
there is a considerable variation in the slopes and general
shape of these curves. The analysis of varionce for both
axes indicoted highly significant values both for trials and
for intervals within trials on al| the adaptive variables,
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When gain wos used as an adoptive variable, the level
of adaption wos higher when gain was associated with another
adaptive variable as compared to the condition in which
gain alone adapted, F(3, 20} = 3.43, p < .04, The same
genera! trend appeared on the vertical oxis but was not
statistically reliable (p > .05) primarily os a result of the
generally lower level of performan.e on this axis,

The results of the analysis involving frequency of the
forcing function as an adaptive variable did nct yield
significant main effects of experimental conditions, but the
interaction of Conditions x Trials wos highly significant for
both the horizontal axis and the summative value of both
axes, F(12, 80) = 3,82, p < .001 and F(12, 80) = 3,17,

p < ,001, respectively, EOn the vertical axis, a significant
Conditions x Trials x Intervals within Trials interaction was
observed, F(24, 160) = 1.62, p< .05. As indicated in
Figures 2c and 2d this significant interoction resulted from
the increasing superiority of the frequency only condition
during the lust three trials of the training session.

The anclysis dealing with the percentoge of accelera-
tion control also revealed no significant main effect. But
here again, a highly significant interaction of Conditions x
Trials oppeared on the horizontol axis, F(12, 80) = 2,68,

p < .004. An examination of Figures 2a and 2b reveals

that the major differences occurred in the first two training
trials where subjects in the acceleration and in the accel~
eration plus gain conditions were at much lower levels of the
adaptive variable than subjects in the conditions that in=
cluded frequency os an adaptive varioble.

Table 1 summarizes the average leval of the adaptive
variables for each of the eight experimental conditions during
the lost minute of original learning. Both fixed ond adaptive
values are presented.

TABLE 1

Average levels of the experimental variables on the lasr
minute of training.

Experimental Condition Accelerastion Frequency Gain

Horizontal Axis

Fixed Variables .350* .370* 75C
Acceleration .323 .370* J750*
Frequency .350* .428 .750*
Gain .350* .370* 533

Accelerotion + Frequency AN 33 .750*
Acceleration + Gain .289 .370* .689

Frequency +Gain .350* 337 N7

Acceleration + Frequency .270 .290 669

+ Gain
Vertical Axis

Fixed Variables .240* .260* 640"
Acceleration .235 .260* .640*
Frequency .240* .339 .640*
Goin .240* .260* 573

Acceleration + Frequency 246 266 .640*
Acceleration + Goin .251 . 260* .651

Frequency + Gain .240* .252 .632

Acceleration + Frequency .203 ,223 .602

+ Gain
* Fixed Level

The values presented indicate that the only condition
in which subjects achieved higher values on both axes s
compared with the fixed- variables group occurred when
frequency alone adapted, When frequency and acceleration
or when acceleration ond gain were adupted, levels higher
than those of the fixed-variobles group were obtainied on the
vertical oxis only.

For adaptive training groups the comparison of
tracking performance on the two axes revealed that despite
the effort to use lower fixed values on the vertical axis,
subjects generolly demonstrated poorer performance on this
oxis, Of the 42 subjects in the seven adaptive conditions,

31 obtoined higher averages on the horizontal axis x* (1) =
4.878, p < .05). These differences can be observed clearly
in Figure 2. The lorgest ond statistically most relioble
differences were obtained for the frequency only condition,

t (5) = 2,70, p < .05; the frequency plus gain condition,

t (5)= 5,76, p < .01; and the frequency plus aceleration
condition, t (3) = 3,37, p < .02, The analysis of results

for the frequency-adapted groups also indicated a reliable
tendency for an increase in the difference between the two
axes within each of the five training trials, F(2, 40) = 5,454,
%‘: .01, This increase implies thot the two axes differed in

the rate of progress on the odoptive variables. A similar trend
was found for the accelerotionudapted group but was retiable
only for the first and the third trials, F(8, 160) = 2,382,

%: .02, Performance on the two axes was most similar on
the gain only condition, primorily as a result of the generaily
lower performance in this condition,

Subjective ratings. Ina short questionnaire that
followed the training session subjects were asked to evaluate
on a six-point scale the difficulty of the tracking task and
their performance. Despite the objective differences between
the experimental conditions in the general level of per-
formance and learning curves, no differences were found in
the rating of subjective difficulty or the selt-evaluation of
performance. The average rating for difficulty was 2,68 with
a standard deviotion of .85. This average indicates that the
experimental conditions in generc| were perceived as slightly
above average in difficulty. The average for the self rating
of performance was 3,24 with o standard deviation of 1,001
which indicates a moderate satisfaction of subjects with their
performance,

Transfer

Two major comparisons among the eight experimental
conditions were made with regard to transfer-task performonce .
The first analysis involved tracking error averaged over 15-
second intervals throughout the task, The second analysis
compored within-subject differences in tracking error com-
puted between the last 15 seconds of each task section and
the first 15 seconds of the following section. The second
analysis was used to examine the assumption that subjects
trained adaptively would exhibit less variability in tracking
error as a result of changes in the tracking situation,

Qverall RMS tracking error, Table 2 presents the
levels ot the experimental variobles in each of the four
sections of the transfer task. Table 3 presents average RMS
error for each experimentol condition during each section
of the transfer task, Separate analyses of variance were
conducted for each tracking axis and the sum of the two axes.

In both axes separately and combined, the results
indicated the expected reliable effects of Sections, p < .00V,
and Sections x Intervals, p < .001. However, because the
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TABLE 2

Levels of the Experimentol Variables Maintained during
Each Section of the Transfer Task

Section
Variable
1 2 3 4

Horizontal Axis
Accelaration .45 .43 37 .40
Frequency .47 .44 39 42
Gain .85 .82 J7 .80

Vertical Axis
Acceleration .24 .33 .29 .28
Frequency .26 .35 il .30
Gain .64 .73 .49 .49
TABLE 3

Average RMS Tracking Error (Percentage of Scale) in the
Horizonta) and Vertical Axes for Each Experimental Condition
during Each Section of the Transfer Task

Section
Experimental Condition X
1 2 3 4

Horizontal Axis

Fixed Voriables 18.0 14.9 15.4 16.) 16.6

Acceleration 18.5 13,1 15,8 18.0 17.6

Frequency 16.7 16.2 15,2 15.8 16.0

Gain 18.1 17,3 16,2 17.2 17.2

Acceleraticn + 18.9 19.2 16.1 18.7 18.2
Frequency

Acceleration + Gain 18.9 18.0 16.1 18.2 17.8

Frequency + Gain 21.6 21.8 19.5 18.6 20.4

Accelerotion + 21,8 21.4 21,0 2,2 2.3
Frequency + Gain

X 19.1 18.6 16,9 18,0 18.1

Vertical Axis

Fixed Variaobles 14.8 16.5 15,1 14,5 15.2

Acceleration 16.5 18.2 16.0 18.3 17.3

Frequency 14.7 16,4 16.6 15.1 15.8

Gain 16.6 16,9 18.3 16.8 17.2

Acceleration + 14,8 17.8 16.8 17.1 16.6
Frequency

Acceleration + Gain 16,6 17.4 15,7 17.6 16.8

Frequency + Gain 20.3 20.7 19.3 18.3 19.6

Acceleration + 17.8 20,7 21.8 19,1 19.9
Frequency + Gain

X 16,5 18.1 17,5 17,2 17.3

order of presentation of sections was fixed for all subjects,

no distinction can be drawn between the effects due to

order of presentation. An additional complicotion in inter~
preting those relicble effects involving sections results from
the direct ute of adaptive levels obtained by subjects in the
preliminary study to set the values for various sections in the
transfer task . As shown in Table 2 the spacing between values
used was uneven, and the relative emphasis on the horizontal
or vertical axis varied across sections.

On the vertical axis additional relicble interactions
included Acceleration x Sections, F(3, 120) = 2.89, P< .04,
and Acceleration x Frequency x Sections, F(3, 120) =3.07,
p < .04, These interactions were due primarily to the higher
error scores for the second and fourth sections in the accel~
eration combinations and lower error on the first section of
the acceleration plus frequency conditions. No reliable
differences between groups were found on the horizontal
axis. However, gain-adapted groups generally obtained
higher error scores, and this tendency approached the
common level of reliability, F(1, 40) = 3,914, p = .0548,
The Acceleration x Sections interaction was also reliable
for the summative values of the two axes, F(3, 120) = 3.1,
p<.03.

Difference scores, The analysis of difference scores
comparing the lost 15 seconds of each section to the first 15
seconds of the following section yielded @ number of reliable
differences each indicating that the subjects trained adaptive-
ly had less difficulty transitioning omong the various sections
of the transfer task. Subjects troined with frequency adapting
performed significantly Letter during transition periods than
did other subjects on both the horizontal axis, F(1, 40) =
6.54, p < .02, and the vertical axis, F(1, 40) = 11,18,
p< .0, In addition, on the vertical axis subjects trained
with gain adapting performed significantly better than
subjects in conditions where gain did not adapt, F(1, 40) =
4.15, g < .05,

Retention

Both the overall analysis of RMS error ai-' the analysis
of difference scores were performed on retention data, Table
4 presents mean tracking error for each condition by axis and
task section. In general few reliable differences among the
eight experimental conditions were found. However, the
interaction between gain and task section was significant
on the horizontal axis of the overall analysis of RMS error,
F(3, 120) = 7,80, p < ,001, and for the summative value of
both axes, F(3, 120) =2.90, p < ,04, Groups in which gain
adapted obtained higher error scores in the second and fourth
sections of the retention task. These sections correspond
to Sections 4 and 2 in the transfer task and included the
higher levels of the odoptive variables,

DISCUSSION

Independent Manipulation of Axes

The performance of subjects on the two=axis pursuit
trocking task during training justified the initial decision ro
manipulate and measure each of the axes separotely. Track-~
ing performance on the vertical oxis was consistent!y inferior
to the horizontal axis and produced adaptive curves of lower
rates for both frequency~ and accelemtion-adapted groups.
The lower performance on the vertical axis con be interpreted
along the compatibility dimension (Fitts and Posner, 1967),
because the vertical movements of the forcing function symbol
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TABLE 4
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Average RMS Tracking Error {Percentage of Scale) in the
Horizontal and Verticol Axes for Each Experimental Con-
dition during Each Section of the Retention Task

YT F =TT

Section
Experimental Condition X
1 2 3 4
Horizonta! Axis
Fixed Variables 16.0 16.9 14,6 151 15.6
Acceleration 16,6 17.3 15.4 15,5 16.2
rrequency 16.6 16.8 14,7 15,6 15.9
Gain 17.2 16.7 15,4 17,5 16.7
Acceleration + 19.4 19.3 18,3 18.2 18.8
Frequency
Acceleration + (Gain 16.2 17.8 15,3 18,6 17.0
Frequency + Gain 18.3 19.8 16.5 20,5 18.8
Acceleration + 19.7 21,1 18.7 19.9 19.9
Frequency + Gain
X 17.5 18.2 16.1 17,6  17.4
Vertical Axis
Fixed Variables 14,1 16.3 14,5 13,0 14,5
Acceleration 15,9 17.7 15,1 14,7 15.8
Frequency 16.0 16.1 15.1 13.5 15.2
Gain 16.5 17.0 15,0 15,0 15.9
Acceleration + 17.5 19.7 16,9 15,8 17.5
Frequency
Acceleration + Gain 15.7 16.7 16.2 15,8 16.1
Frequency + Gain 18.6 18,6 17.8 16.1 17.5
Acceleration + 19,3 20.! 17.8 16,7 18.5
Frequency + Guin
X 16,7 17.8 16.1 15,1 16.4

hod to be translated by the subject to an orthogonal fore and

aft movement of the control stick, No such transiation was

required for the horizontal oxis.

The differences between the oxes ruise severol impor-
tont questions in view of the widespread usage of similor task

configurations in flight training, simulation, and research.

it is opparent that the conventional, combined-axes scoring
techniques such os averoging, vector volues, or largest-error
scores (see Kelley, 1969b, for a comprehensive discussion of

tracking-scoring techniques) consistently provide under-
estimates of one axis or overestimates of the other. In

adaptive configurations these errors lead either to o too ropid

or too slow rate of chonge of the adaptive variable with
regard fo the momentary level of proficiency . In control

s, stem evaluation it may increase errors of prediction which

could be reduced by deriving separate equations for each

axis.
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In turn, independent munipulation of axes roises
several questions that require systematic investigation in
further reseurch. One question concerns the evaluation of
the relative difficulty of vaiious task configurations; that is, )
the effacts of an increase or decreose on one axis os compared o
t5 similar changes on the other, Another question is whether a S
symmetrical, equal-weight or an asymmetrical, differential~
weight adaptive logic is more appropriate in multi-axes
training, Attention also should be directed to the investiga-
tion of techniques for sequentiaily monipulating the axes as
compared with simultaneous manipulation of axes.

Type ond Number of Adoptive Variable

In general, the experimental findings ogree with the
Osgood (1953) surface and suggest thot stimulus rather than
response variables are to be recommended in adaptive training
when the goal is to optimize the rate of adaption during
training. The highest rate of adaption using @ stimulus variable
(forcing function frequency) occurred when it was the only
aduptive variable. In addition, rate of adaption of the two
resporse~-related variables (control stick gain and accelera-
tion percentage) wus focilitated when the stimulus variable
also adapted, Manipulation of response variables may even
result in inhibitive effects. H

Adapting the percentage of acceleration control did
not clearly focilitate rate of ~daption during training. In
terms of transfer, there was some indication that training ‘
with acceleration percentage adapting resulted in poorer
tracking performance on certain segments of the transfer
task,. These results support Crook’s (1973) data which
indicate that acceleration percentage may not be o fruitful

adaptive variable. With the pursuit tracking task used in this
study as compared to the compensatery task used by Crooks,
the subjects could clearly see that the response element (*0")
was offected by adaption and not the stimulus element ("X"),
But, the displayed effect is not straightforward, because an
identizal response pottemn yielded o dissimilar visual display
when the acceleration percentage adapted, This rother
devious relationship appeared to interfere with transfer.
However, in many real systems adopting the control order
occurs, Additional research is needed to determine effective
techniques to troin individuals to cope with slow and rapid
changes in the control system,

Clearly, more adaption in gain occurred when other
variables also adapted. When it appeared alone, rate of
adaption in gain was markedly reduced. One explanation
for these findings involves the selection of initial values for
the gain variable, Selecting an initial value of gain is com-
plicated by the foct that the relationship between gain and
task difficulty is o U=shaped function, and this function
shifts for every value of frequency. The initial value of
gain used might have confronted the subjects with o difficult
tracking demand located on the undersensitivity side of the
U-shaped function. This problem would effect primarily the
initiol training sessions until higher and more convenient
gain values could be attained; it might also slow down the
general process of training, The experimentol results of the
gain-odapted group indicated this difficulty both in the first
two trials of the training session and in a generally slower
rate of adoption throughout the entire session.

The solution to how many cdaptive variables to in=-
clude is not stroightforward. The present study included one
stimulus=related and two response-related adoptive variables,



The seeming superiority of adapting stimulus variables suggests
that the effects of type of adaptive variable must be separated
from the number of adoptive variables. Additional research is
needed in which the number of stimulus-related adaptive
variables is monipuloted., Given this restriction, however,
there is some indication that an increase in the number of
adaptive variables may effect the training process. With
bath frequency und acceleration, the highest values of the
odaptive variable were obtained when only one variable
adapted, The lowest values were obtained when three vari-
ables adapted, whereas two=variable combinations were in
between, For the gain variable the three=variobles condi-
tion yielded lower values of the adoptive variable than the
two=variables condition. Although not reliable, the some
trends appeared in both transfer and retention. Averuge

RMS scores were consistently higher as the number of adaptive
variables used in training increased.

Learning to Adugf

The comparison of experimental groups with regard to
transfer difference scores yielded strong support for the
hypothesis that adoptive training as compared with fixed-
variables training focilitates the adjustment of subjects to
changing conditions. The significant results obtained for
both frequency~ and gain-adapted groups suggest that this
copability is to be attributed to the general experience of
training under changing situations regardless of the final
skill levels of learning curves, The significance of this new
aspect of ndaptive training is apparent for a wide range of
operational situations in which a ropid readjustment of the
operator to unstable or changing conditions is required.
Ince ond Williges (1974) demonstiated that although human
operators can detect slow changes in system dynamics, they
do not adapt perfectly . Perhaps various adaptive training
procedures can be used successfully to enhance the human
operator's ability to detect and adapt to slowly changing
system dynomics, The results of this study certainly demon~
strate some positive transfer in this regard,

Interestingly, both stimulus (frequency) and response
(gain) adaptive troining resulted in more consistent tracking
in a changing transfer task. Even though adapting response
variables does not appear to facilitate the rate of adaption
in the response variable during training, positive transfer
in terms of tracking error consistency does appear. None of
these effects, however, appeared in the retention task,
Either the training session was too short to affect prolonged
transfer or the focilitoting effects are rather short=lived.

CONCLUSION

This experiment should be regarded as an initial effort
to demonstrate the importance of several variables in the use
of adaptive training techniques, The research questions were
attacked using a relatively short exposure to the various ex-
perimental conditions and a small number of subjects in each
condition, Hopefully, more enduring effects would result
from o much longer training session ond larger samples. The
present study, however, suggests a number of important
implications in the use of adaptive techniques in perceptual-
motor skills training.
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